INTRODUCTION
Extra virgin olive oil -a key element in the daily diet of a large part of the Mediterranean population -can be directly consumed after extraction without any further treatment since it is obtained from the fruit of the olive tree solely by mechanical or other physical means under conditions that do not lead to alteration in the oil, which have not undergone any treatment other than washing, decantation, centrifugation or filtration, to the exclusion of oils obtained using solvents or using adjuvants having a chemical or biochemical action, or by re-esterification process and any mixture with oils of other kinds. 1 . Its consumption has been related to reduced incidence of coronary heart disease, low blood pressure levels and diabetes 2 4 . Furthermore, olive oil is characterized by high amounts of monounsaturated fatty acids, as well as high content of antioxidant agents, able to scavenge free radicals and afford an adequate protection against peroxidation 5 .
The productive process of extra virgin olive oil involves: i olive crushing, aimed to tear the flesh cells and let the oil run out; ii olive paste malaxation, to enable the merging of oil droplets into larger drops coalescence , until they form pockets that can be separated into a continuous liquid phase; iii olive oil separation from the other phases solid and water phase by pressure, centrifugation or percolation. However, only 80-90 of the oil located into the vacuoles of olive pulp cells can be easily extracted: some oil remains inside the unsheltered cells, some is retained by the olive paste colloidal system as microgel, and some remains emulsified with the water phase 6 . The difficulty of freeing this bound oil lies mainly in the fact that the droplets of dispersed or emulsified oil are surrounded by a lipoprotein membrane phospholipids and proteins that keeps them in that state 7 . This phenomenon is more pronounced for the so-called difficult olive pastes 8 , where
for difficult is intended a low machinability usually due to low ripeness degree, that leads to low yields. To improve oil yield, several researches have been evaluating the effects of both malaxation phase time and temperature and technological coadjuvants enzymes, salt and talc which, added at the malaxation step, help to break down water-oil emulsions and consequently make oil ex-traction easier.
In particular, many authors observed that the increase of malaxation time up to 45-50 min raised the oil extraction yield, whereas longer time 60-75 min determined a decrease of extraction yield 6, 10 . Also increasing the malaxation temperature generally determines an increase of oil extraction yield 6, 10 , due to a reduction of the oily phase viscosity 11 , even if malaxing at temperature of 45 caused lower yields, probably due to change in the paste rheology and increased interactions between lipids, proteins, and carbohydrates 12 . Nevertheless, higher malaxation temperatures could accelerate the oxidative process and loss of both phenolics and volatile compounds, responsible for oil sensory properties, have been reported although in some cases with controversial results 9, 13, 14 , compromising the nutritional value of extra virgin olive oil.
As regards the use of coadjuvants, the use of common salt NaCl as a physical-acting coadjuvant could represent a feasible mean for the improvement of oil extraction 15, 16 .
Moreover, different studies proved the efficacy of pectolytic enzymes addition during olive oil extraction to increase yield 17, 18 . However, the oils obtained with the use of enzymes cannot be defined as virgin 1 gives a difficult paste because it has a rather low maturity index at the time of processing. Moreover, no studies are present in literature regarding the influence of talc addition on the evolution of oil quality indices during storage. In this framework, the aim of the present research was to evaluate the effect of talc on extraction yield and quality of Coratina oil, both after production and during storage.
MATERIALS AND METHODS

Plant material
Olive fruits Olea europaea L. from Coratina cultivar, mechanically harvested in the first decade of December 2012, were transported immediately after harvesting in a local plant Andria, Bari, Italy where, unwashed and after leaf-removal, were milled within 24 h.
Oil extraction process
A lot of about 6,000 kg of olives was divided into six homogeneous batches: two batches were processed by adding micronized natural talc hydrated magnesium silicate, Imerys Talc, Luzenac, France at 1 level Ta1 ; two were added of 2 talc Ta2 ; the last two batches were processed without talc addition C, control . Talc was added at the beginning of the malaxation phase.
In particular, each of the six batches was milled for 30 min by means of a 4-stone mill F.lli Ferri, Andria, Bari, Italy , then the paste was hammer-crushed. The stone mill is constituted by a rough granite base 3. Finally, the oily phase was separated from any aqueous residue by centrifugation at 6,400 rpm vertical centrifuge, Alfa Laval, Tavarnelle Val di Pesa, Florence, Italy . Then, the obtained oil was poured into 1-L clear glass bottles, with headspace of about 3 mL, that were hermetically sealed. Three bottles for each batch were sampled. One bottle for each batch was immediately analyzed T0 , whereas the others were placed in a carton box and stored in the dark to be analyzed after three T3 and six T6 months of storage. The average storage temperatures were 15 during winter and 25 in the spring.
Analytical determinations
The olive maturity index was determined by a visual evaluation of the color of the olive skin and flesh 27 . The procedure consisted in distributing 100 olives in eight groups, according to the following characteristics: brightgreen skin group N 0 , green-yellowish skin group N 1 , green skin with reddish spots group N 2 , reddishbrown skin group N 3 , black skin with white flesh group N 4 , black skin with 50 purple flesh group N 5 , black skin with 50 purple flesh 100 group N 6 , and black skin with 100 purple flesh group N 7 . The index is given by ∑ N i n i /100, where N is the group number and n is the olive number in that group. Maturity index values range from 0 to 7.
The moisture content w/w was determined by drying the milled olive at 105 to constant weight 28 and the total oil content w/w was determined by Soxhlet extrac-tion 29 .
The determinations of the free fatty acids FFA , peroxide value PV and spectrophotometric constants were carried out according to the official methods 29 .
The phenolic compounds of the oils were extracted and purified following the procedure reported by Gambacorta et al. 30 with some modifications. About 1 g of oil was added with 1 mL of hexane and 5 mL of methanol/water 70:30 v/ v . After 10 min vortexing, and centrifugation at 9,000 rpm for 10 min Beckman Coulter, Fullerton, California, USA , the methanol/water phase was recovered and the extraction was repeated twice. The methanol/water phases were pooled, filtered through nylon filters pore size 0.45 μm, Sigma, Ireland , and submitted to Folin-Ciocalteu reaction.
In particular, an aliquot of the methanol/water solution of phenolic compounds 100 μL was diluted in 6 mL of water, followed by the addition of 0.5 mL of Folin-Ciocalteu reagent; the mixture was incubated for 2 min at room temperature, and 2 mL of sodium carbonate 200 g L 1 were
added to the reaction mixture, which was finally mixed and diluted with water to 10 mL. The mixture was vortexed for 20 sec and incubated for 60 min at room temperature in the dark. The absorbance of the sample was read at 750 nm. Results were expressed as mg of gallic acid per kg 1 of oil. Chlorophylls and total carotenoids were determined as reported in Caponio et al. 31 . In particular, the chlorophyll content was evaluated by the absorption spectrum of each oil sample, according to the AOCS method 32 , and expressed as mg of pheophytin a per kg of oil. The concentration of total carotenoids was calculated measuring the absorption of 0. 
Statistical analysis
Analysis of variance one-way and two-way ANOVA was carried out on the experimental data by the XLStat software Addinsoft SARL, New York, NY, USA . Two-way ANOVA was performed considering the amount of talc added at the beginning of the malaxation phase talc and storage time of the extra virgin olive oils time , as well as their first order interaction, as independent variables; Tukey s HSD test was applied for multiple comparisons.
RESULTS AND DISCUSSION
Compositional characteristics and maturity index of the olive lot used for the experiment are given in Table 1 . Moisture and oil content were those normally detected in olives, whose low ripeness degree was evinced by the maturity index. Table 2 reports moisture level and oil content of the olive-pomace remaining from the trials, as well as the results of one-way ANOVA followed by Tukey HSD test. The addition of talc lead to an increase of the oil extraction yield, as pointed out by the significantly lower residual oil content in the olive-pomaces deriving from the trials involving the use of talc than in control. These results agree with previous studies carried out on other cultivars such as Picual, Arbequina, Hojiblanca, and Carrasqueña with different ripening status and composition 6, 19 23, 28, 35 . When adding talc, the residual oil content of the olive-pomace was significantly lower than in case of control, with a decrease of about 15 . However, no significant difference was observed in the amount of oil in olive-pomaces when varying the amount of talc, confirming the findings of other authors 20, 35 . Finally, no significant differences were found in moisture content of olive-pomace. Table 3 reports the results of two-way ANOVA with first
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order interaction performed on all the chemical and physical analytical data obtained. The ANOVA models resulted to be significant in all cases; talc variable proved to have a significant effect on all the indices except free fatty acids and K 232 , whereas time variable had not a significant effect only on K 270 , carotenoids and antioxidant activity. The firstorder interaction talc*time resulted significant only for peroxide value and chlorophylls. Table 4 reports the results of the analytical parameters mean values and standard deviations of the oil obtained both immediately after production and during storage, and the results of two-way ANOVA followed by Tukey HSD test for multiple comparisons. As shown, all the oils obtained belonged to the extra virgin olive oil category 36 .
The use of talc determined a significant decrease of the PV, confirming the findings both of Ben-David et al. 37 , in oil from cv. Barnea obtained by adding 5.7 of talc, and Carrapiso et al. 23 . Other authors 20 22, 28 reported that talc produces only a physical action on oil, with no influence on the quality indexes prescribed by current Regulations. Fernández Valdivia et al. 22 , considering cv. Hojiblanca, reported that talc addition protects the oil from oxidation during extraction, while Cruz et al. 15 observed in several cultivars that talc addition tended to increase oil stability. Moreover, talc addition did not significantly influence FFA and K 232 , as found by Carrapiso et al. 23 and Moya et al. 28 , whereas K 270 significantly increased, although Cert et al. 19 and Carrapiso et al. 23 did not found significant variation.
These results show that talc does not exert any alteration on the oil quality parameters prescribed by the EEC official method n. 2568/91 29 and successive amendments.
As regards the other analytical parameters, the use of Olive processed without (C) and with 1% (Ta1) or 2% (Ta2) of talc added Different letters indicate significant differences at p < 0.05 Table 3 Results of the analysis of variance (two-way ANOVA with first-order interaction) performed on the analytical data. FFA, free fatty acids; PV, peroxide value; K 232 , specific absorption at 232; K 270 , specific absorption at 270 nm talc caused a significant increase of total phenols, chlorophylls and carotenoids, probably due to the lower amount of water in the olive paste subjected to extraction, ascribable to the hygroscopic effect of talc. In any case, Moya et al. 28 reported that the use of talc does not produce any significant variation on the amount of photosynthetic pigments chlorophylls and carotenoids -as found also by Fernández Valdivia et al. 22 and Ranalli et al. 25 -and polyphenols. Also Carrapiso et al. 23 and Ranalli et al. 25 did not observe any significant influence of talc addition on total phenol content; on the contrary Uceda et al. 21 reported higher phenol contents in oils when talc was used. Moreover, the talc addition caused a significant decrease of tocopherols only when 2 talc was used. Also Carrapiso et al. 23 found a significant decrease of α-tocopherol whereas Ranalli et al. 24, 25 did not find any substantial variation in the amounts of tocopherols in oils obtained from destoned olives by addition of talc. Up to now, the effect of talc addi- Olives processed without (C) and with 1% (Ta1) or 2% (Ta2) of talc added. Oils analyzed after production (T0) and during storage after three (T3) and six (T6) months. FFA, free fatty acids; PV, peroxide value; K 232 , specific absorption at 232; K 270 , specific absorption at 270 nm. * Calculated as percentage of inhibition. Uppercase letters were used to compare the samples considering the effect of talc, lowercase letters were used to compare the samples considering the combined effect of talc, storage time (months) and talc x time interaction: different letters indicate significant differences at p < 0.05 tion on tocopherol content has been scarcely studied, and it seems to depend on the cultivar 37 . Finally, the addition of talc determined a significant increase of the antioxidant activity, measured by the DPPH method, more evident when 1 talc was used. This result is correlated with the content of total phenols obtained in the different trials, and agrees with previous findings 38 that highlighted a significant correlation between total phenols and induction time, being the latter related to the total antioxidant compounds of the oil.
As regards the evolution of analytical data during storage, the differences among the oils Ta1, Ta2 and C were maintained as immediately after their production. The only exceptions were represented by chlorophyllsthat at the beginning were significantly lower in control than in trials with talc, but from 3 months onwards did not show statistical difference anymore -and by PV that increased significantly at T3, due to the oxidation of triglycerides provoked by oxygen dissolved in the oil.
As the storage proceeded, primary oxidation increased in the oils as shown by the trend PV and K 232 , while antioxidant compounds decreased. On the whole, the evolution of the oils during storage confirmed the findings reported by us and by other authors 31, 39, 40 . The significant decrease of chlorophylls after three months of storage in oils obtained adding talc during malaxation needs further investigation, involving also the analysis of chlorophylls degradation products. About the significant decrease of tocopherols after six months of storage -confirmed by other findings 40, 41 -it could be due to the protective effect of α-tocopherol, the most representative isomer, against oil oxidation, when oxidation takes place under non-accelerated conditions 42 .
CONCLUSIONS
The obtained data pointed out a significant effect of talc on the extraction yield and on the quality of the oils obtained from olives of cv. Coratina, that represent one of the most influential Mediterranean olive oil varieties. In particular, the amount of residual oil in the olive-pomace decreased of about 15 , while the oils obtained presented lower oxidation levels and higher amounts of chlorophylls and antioxidants than the corresponding oils obtained without talc addition. Finally, no effect of talc was observed during oil storage, with the exception of chlorophylls and PV.
Further studies are needed in order to evaluate the addition of technological coadjuvants on olives at different ripeness degree.
